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SUMMARY

The immediate purpose of the work performed during the
period covered by this report has been to irprove or alter the
nature of the commercially developed silicone rubbers so that
the altered compounds will compars more favorably with hydro-
carbon rubbers insofar as such physicel properties as tensile
strength, clongation and abrasion rosistance aras concerned.

Studies on the various types of pigments have besn
continued with the investigotion of new pignents at the stan-
dard 25 volunmec loading, as well as the study of these and
other pigments at variable loadings, Milling and handling
techniques have been doveloped to give improved reproducibili-
ty of the physical ©test data on the resulting stocks.

The continuation of studies involving the synthesis of
aeveral silicone carboxylic and sulfonic acids as possible
wetting agents has not yet produced sufficient information
to permit & definitive appraisel of these materiocls,

Techniques have been developed during the past nmonths
for obtaining electron micrographs of both pigments and cured
rubber specimons. Interpretaticn of these results is being
deferred to a subsequent report inasmuch as thc studies are
only partially completed. The electron microscopo is current-
1y being used to study the cured rubber resulting from 2o new

mothed of dispersing pigrients in the gum, described below.

(

During stulics on the solubility of silicone gum in

titarviyun tetrachloride, it wasa found that the latter solvent,

7
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even in small percenteges, is capable of dopolymerizing the
3 gilicone olastomer to a freo-flowing liquid. More striking
is tho action of dry hydrogon chloridec on the gum. By
passing dry HCL gas over shrodded silicone gum, the lattcr
is converted casily to the liquid state. Repolymerizatiocn
with regeneration of a gum, is brought about by bubbling
nitrogen through the fluid, by applying heat, or by allowing
A . it to stand in air,
These obscrvatlons suggest such processing possibili-

tios ag Tollows: Tho regencratcd gum.ﬁay be compoundod with

& series of pigments in crdor that the diffcrence betwoen it
| and the original gum may be studied. The pigment may bo

) incorporatcd into the gum while it is in the liquid statoe.

Chomical action such as chlorination may be cffectod on this
depolymerized gums, This approach has beon discussed previous=—
1y, but limitations due to the difficulty of roacting the gas

with a solid have thus far preveonted such a study., Possible

chemiceal roactions on this chlorinated gum are the reaction

{ with basic oxides to give crosslinking and the formation of

organo-metallic derivatives also for crosslinkinge.

’ Solvent cxtraction of the silicono gum (GE 9979-G)
e has bcen ascomplished with five solvents of soveral types in

ordcr to romove the fraction of the gum containing tho

lowcst moleocular woight meterial., The solvents did not
oppear Lo be sclective as cach removed tho cemo quentity
(18-2C%) with a second siage romoving only a smell fraction
rcre .  Tho rhysicel tcst resvlis on the svuocks compounded
from tha Jums afser “eing cxtracted were not improved; in
faet, thoy were soirvhet inforior o aimilar control

RIS \--—,-l
COTECTNAG




In order to amveluate the use of selenium dioxide as a
curing agent, &rn invcstigation has been made of tho action
of Se0p on simple siloxanes, silicnre oils and con the silicone
gum; Fundamental studies cn the oxidation ¢l hexamothyl-
disiloxane wibth SeOg have produced sevzaral oily products which
are being characterized. & »rocgss vhich will be assigted by

infra-red analy

0

isc Astion of Se0y5 on low viscoslty silicone
0ils has ylslded products more viscous than the starting
material and which arc capable of feorming gums when treated
with ferric chloride. ‘the gum-fornming capabilities of these
S360g treated oils are superior to those of the origineal
silicone o0ils which wero studied as a control.

Silicone gum {GE 9979~-G) has hecen milled with 586 ports

of Celite 505 end 10 parts of Sedy and press cursd undor a

temperature condition in which a control sample containing no
curing agent yields a crumbly, uvnknitted mass. These

preliminary results show a definite curing action by this

oxidizing agent and indicate that further studies will ho

fruisful.

——— ———
.

.

|

Preliminary experiments on the hydrolysis of dimoethyl-
dichlerosilane in waber or grluvbt.ond of pelyfunctional alcohols
. and subscguon’s trectment ¢f the cils have rosulisd in pgums

which are being evalunted at the pressnt tims.
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“INTRODUCTTON

Investigations have been carried out by tho Connecticutb
Hard Rubbor Company on the adaptation of commercially
R developed siliconc guwas for use at low btemporatures. Theso
silicone gums when compounded with a éuitablo pigmoent and a
| curing agent have physical propertics s mecasured by tensilo
strength, clongntioa, and abrasion rcsistence inferior to those
of conventional hydrocerbon rubbcrs, The lmrodiato aim of the
i research program hes becn to luprove the physical propcrties
f of tho compoundcd rubber by cithor physical or chemicel treat-
v ment of the gum or pigments. An ousline of the research
. program for the poriod covercd by this progress rcport follows:
I, Studies of pigments involving the selcction of the

proper pigment and loading as woell as alteretion of the
pigmont~silicone gum intorface.

- 1 171, Synthcsis of a silicone base wetting agont for the
pignent-silicone gum systom. !
: |
I. udics o imments an heilr disporsi n silic i
II1 Studics of pi ts and disporsion in silicone !
{ rubber by tho CiCCu on microscopo.
M 3
' l IV. Decpolymerization of silicone gum lcuding to tho possibil=~
itios of chemical action and bcibcr pigment incorpora- !
. tion. !
X vV, Rcmoval of volatile oils from thc zwi by golvent extrac-
. tion.
VI. Necaction of the silicone gum to various curing agconts
with specicl emphasis on the use of peliceniuwn dicxide,
Vile Studice on the precpavation of silicone gums froia
coxnezeinily avellahle oilao ond ifrom the verious

Monodacl S,
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for silicone rubber C continues tO be an integral part of this

T. STUDIES OF PIGIEUTS

Pnihdounmee sy

!
|
i
|
§

. - - '3 - . {
The evaluation of wvarious pigments a8 reinforecing agents

Fg

project. As new pigments becoms availabie they are compounded

in verious volume 1oading either ag-received oI after

ment,

jmprove the techniquo for nandling silicone rubber.

Ao

Be

pretroat-

IR

This phase of the program glso serves to develop and

PRl g

Pigy grnents 28- 1coo&ved, o5-yolunme loading
___._..-_»___..-_- _,___...——-—-_’_.‘______.._—-—-—-—-——‘“ X
gix new pigments (filon ITX and a scrics of iron oxzides)

have been ovolucted during this period. The best results
are shown in Table 1 and Pigure 13 Qroperties of the pigs- !
ments, insofar &8 thoy are evoailable, &TC 1isted in Table

o, Alon IT eppcars bto be somewhat inferior to tho Alon

previously tesftoed. Mapico Crimsen 88 end llapico Brown 418 \
seem to be somewhat superior to iron oxidecs previously
tested in thet they vield softer stocks with higher tensile
atrensths.

13_1_8:1@_&’28_411?1@_2:&0};_635@99_’&; o5-volume londing

Alon wew welted wyith & benzene solution of benzoyl
peroxido containing neroxide equivalent to 2 parts per

100 narks of gun in o otock with @ 265-voluae loading of

Alon. The bezenc was removed ©J gvayovatlon at room

zerperature. The peroxnide-co oated Llon was then uweed in

corpouraing StOu]S with ond without addi tionsl benzoyl
seroiices e elfcct of this rreatment, intended to
or.vae some of the curing to ccour et tie pignent—rubber

‘ntarlece, VS anfrvorstle vesause 2L #n albcrasicn in

LA PSP P S T s L Y
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physical sbtructure o the pigmont walch occurred as a result
of wetting with b.azere, The physical tost date are prescent-
ed in Table 3,

Pisments ac-reccived or pretrented, variable volume loading

Nine piagments which werc indicatcd in the 25-volumec load-~
ing studics to be of some promise were compounded at other

volume leadin~s with the results shown in Table lp and

Figurcs 2, 3 2nd L. Tho physical propertics of thesc pig-
o

ments have listed in provious reports. In gonerel,

the ctoecka showed incrensing hardness, incrcasing tonsile

strensth and decrcuasing (longation av thy loading was in-

croascd. An interogting ox n is Vhitcord T which

4
Q
e

'3
(84
l_u
Q

showed an incroace in clonsation undnr Lhe sams conditions.
The results of continuing cexperimonts with this pioment
will be deteilcd in fubturc renorts.

Mixturc of Pigmonts

Xyu

Mixturcs of Protox 166 nand Rayox 110 have been inveshigated
with the rosults shown in Table S and Figure 5. The prop-

ertics of the stocks remaincd essontislly unchanced as the

relative guentiticvs of ths two pimments wore varioed.

In the nraevious prosrags roport thar: was ineluded a dis-
cugsion of the ropraducibility of viycliceal nroportizs of a
sht of ~un (%.BE. 9979-3),
Cl sarts by wicisht of Colite 505 end 2 parts of benzovi
woronmicde. Ctetlrtioal aaalycis of the roswlis obiain~d on

100 brichen of bYhis stock frve the tolloving rasults
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| Minimum %axi.ma ean Probable

% . _Talue Yalu Value Brrer

! Hardness 31 £9 13 ke

; Tensile £ 160 203 36

: Elongation H2 275 132 9L

L It will be recalled that the probability is 0.50 that the
.

truc value of a pronerty lies within the range of tho mean

value plus or minus the probable crror.

|

|

I

I

1

I T

{ During the period May 1 to Junc 2, an additional [0 batches
|

| of the standard stock werc prepared and tested with the
4

|
4

£ following results:

|

!

' Iinimum Maztimum Hoan Probable @

Valuo Velue Value Zrror 5

t

o Hardness 30 Ls.7 . |

Tcnsile 172 2Qh 226.1 19.Z |

} Elongation 75 167 118. 9 15. E
o It will bec noted that these last tests show a probable

crror in the hardness value roughly cqusal to that first

obtaincd, but that the probable error in tensile streongth is
; only about onc-half of the value previously obtained, and the

i probable crror in celongation 1s spproximately two-thirds of

the valuc derived in the first study. This improvoment is

§ thn rasvlt of a combinstion of factors which can be swummarized

R as Inmrcved techniques. Iowever, further pursult of this
: investigation is not plennad becausc it is felt that the lack

of re¢nrcducihility is duc sinply to the fact that we arc deal -

: inm wlith o stocit having low valuss of tensilec stroncth and
clon~ution, sand that srmall absolute differ.nces in nhysilcal
»rapersice 1Ined o roelatively lavge »oreontage crreors. As
choelzs ore fwprove d thte Aiffienl by wight by ankamskieslly

g Jiainnteod.
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TABLE 1

L0

Studies of As-Recceived Pigments at 25~-wolume I Ttk i L

Parts Pigment Tenslie !
Compoimd Per 100 Parts Hewmey Strength MW&WWWWW‘MWM“
Plgmonk Homw G, el Percent

A¥on IX 1375 98 116 175
N 160 167

1420 8 “ 16 3.
o h MM@ w@ ‘:imu@;wﬁm
| o 100 1406 18 2 232 362
. . ﬂjﬂz 152 2175
o7 8 he 3 K 1
m 4 il 178 137

Dramgo

Mepicc 88 ;08 1,6 2 25l 137
uapico K18 1409 18 LS 217 131
Browr 2 223 187
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* TABLE 2 |
. Proportics cf Pigments i
Postad
Spocific Average Particle
Pigment Composition Supplier Gravity  Size, MNisrons pH
: Alon IT  Aluminum G.L.Cakot 3.60 0.005 « 1.0 -
Oxide ]
, Mapico Iron Oxide Binney & l.»G5 0.2 7.5
B'ack Smith
Mapico L J i ly. 05 0.1 0,8 6
Yellow
100
Mapico " " " .09 0.1 0.8 6
Yellow
Dark
, Orange i
N Mepico " " L ly.58 0.2 0.6 6
, Crimson
86
Mapico n " il 5.2 -
. Brown
: 418
P
R
§
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Alon Coated witu Bonzeyl Poroxide
Jt?'
q Additional Peroxide Tensile
¥ Added on Mill, Parts Compound Hardness Strength Elongation
Per 100 Parts of Gvm Woo  Shove A psi___ Percoent
0 1h17 32 100 225
. 35 109 175
1 113 Lk 173 175
50 2Z3 209 !
2 11l 2 371 200 .
Eé 1&8 150 i
[
3 s S 251 100
SB 197 87
i
. 5 1516 6 2l3 ZS
' 6 227 2
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TABLE I
. Studies of Figmerts at Variable Loading
: |
Volumes per» Parts per Tensile Elonga-~
Compound 10C voiumes 100 Parts Hardness Strength tion
Pigmont NGo Fum Gum Saore A psi Porcont
Fumo 1357 10 22 25 55 156
. Silica 1353 20 L3 36 1%§ %lg
1120 25 5 37 1 3
1359 .30 gé g1 163 81
. : 1360 0 86 55 181 69
Alon II 1375 25 98 Iy 138 181
1392 38 1¢Z ﬁl 229_ 13&
1 g 50 19 50 261 181
1& ﬁ 75 20l 6o 381 13
; 1485 100 392 81 355 3
Celite 139 10 22 2 6 1y
Snowfloss 139% 20 i ﬁ 1oLL 131
137 25 55 ﬁB 16 125
. 139 0 66 52 263 112
1397 0 88 70 332 110
Celite 1398 10 25 26 92 181
Superfloss 1399 20 50 6 125 194
1370 25 63 Eo 182 125
1[,00 0 75 L1 2r2. 11
1,01 0 100 5 343 10
‘ Whitcarb R 135 10 2 25 38 119
135 20 5 35 9 81
1107 25 72 0 % 200
1355 0 87 ﬁl 15 162
1356 10 115 b1 194 237
: Statex A 1,02 10 19 18 76 269
110 20 9 28 122 187
132 25 ﬁ 4o 155 131
1l 0l 0 59 39 225 181
105 0 79 Sl 325 150
Mapico 1418 10 P? 16 162
: Grimson 11,08 25 1 hy 26 1l
A &8 119 L0 237 72 279 87
Mnpa 21 10 ' 6 51 87
ﬁ§§§§° 1&10 258 1 g 3 137 119
11,20 14O 237 17 L12 9
’ Mapico 122 10 59 137
Rrown 1&09 25 1&% ﬁﬁ 220 122
£ 18 123 14O 237 52 170 119
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IZ. Wctting Apents for Piemont-Rubber Systems

e
e - ——— — g gt

Experiments in the preparction of long chain silicone~
carboxylic acids have becen continued. The usc of such compounds
&s possible wetting agents for improving the pigmenbt-rubber
bond has bcen discusscd in carlicr recports., Montion will be
made hero of scveral approachcs to the preparation of silicone
units with carboxylic acid or sulfonic acid functions.

The preperation and tcsting of 2 simplo silicon- carboxylic
acid, p~trimcthylsilylbenzoic acid, has bcen rcported prcviously.
Morc rocent investigations on the proparation of long chain
gilicone countorparts of stecaric acid aro described below.

Tho hydrolysis of dimeothyldichlorosilano in mixtures of
water and allyl aleohol whercby -0Si-O-. : units would bo
introduced at inteorvals along the chain has bcen studied. The
final oxidativo-clocavage of the cthylenic links to furnish car-
boxylic acids hes not as yet becen performed successfully.

Hydrolysis of (CH3)gSiClg in aqueous glycolic acid has
produced oils in which the HO-CHo~COOH units have been incor-
poratcd., Test results on this product arc not yer dofinitive
and hence do not appecar in this portion of the report,

Sulfonation cxpeorimcnts have boon carricd out on resine-like
products from the hydrolysis of trichlorophenylsilanc, and
gumy polymors produced by the hydrolysis of dichlorodiphenyl-
silanc. Under normal sulfonation conditicns using HpS04, no
sulfonic acids have been isoleted, Higher tomperaturcs are to
be cmploycd and othcer sulfonating agenta, such as chlorwosulfonde
acid, will be used in the contimmation of this phase of tho

rascnyeh progom,
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ITI, ELECTRON MICROSCOPE STUDIES

The olectron microgcope is being uscd in the current pro-
gram to obtain dectailcd informathon on the nature of the pig-
ments employed and on the naturc of the distribution of the pig-
ments In silicone gum. Although electron micrographs of the
pigments and of cured rubber specimens are being made success-
fully at present, and a number of both types have been proparod
during this period, a clcar interprctation of the results will
not bo possible until further work is done. Hence, the cloctron
micrographs prepored during this period will be submitted at a

lator dato when & better evaluation of the results is available,
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IV, DEPOLLENIZANTON Of STLICCWE GUMS

A particularly inboresting development of this poriod
resulted from studies on methods of dissolving silicone gum

in titanium tetrachloridoc., It was hoped that tho TiCly~gum

- serave=y

solution could then be hydrolyzcd to regenerate the gum and,
at the same timo, form TiOy which would bo very intimately
i ) mixed with the regeneratcd clastomer.,

Initial exporiments showed 2 surprisingly high solubility
of gum in TiCl4, with as 1little as 5% TiCl, effecting the con-

version of gum to a free-flowing liquid., It appearcd that tho

TiCl, was causing depolymecrization, possibly by acid~type

cleavage of the Si-0-Si linkagos. Additional reason for conm ‘-

- —— v

sidoring this offect to be an acid-clcavage depolymcrization

Pl

. was found In tho action of dry hydrogen chlorido on the gum.

On passing dry HCl over a sample of shredded gum (G, E. 9979-G)

- —p

the material gradually softcned, becamo viscous and was convert-

ed in a few hours to the samec type of free~-flowing liquid obscr-

vable in the T1014 experiments,

The above obscrvations appeered more significant when it

. was found thet the gum of the HCl depolymerizcd olastomer could
be easily rcgencrated in a form substantially identical to the

original material by cmploying any of the following thrce pro~

ccdures;
1, Allowing the liquid to stand 24 hours at room tempera-
ture (70°F)
2. Heating the fluid in an open beakor at 100°C, for one
v hour

3. Dubbling nohrogen thirongh the depoliymerized gum to

sweep out the HCL
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As a conssgierce of e matrod for converting gum to a
state in which it can be rsadily rcpolynierized, more recoptive Co

to the blonding of pigmonts, and more subject to the action of

N chemical agents, gzeveral courses of investigation are now r:
opened, Four of the more promising are detailed below,

C A, Alteration of Molecular Weight Distribution in the Gum

I the effect of dry hydrogen chlorido gas on silicone gum ; -%“
: is actually a dopolymerization, then regenerationof the

gum would be expeccted to lead to a change in the molecular | ff

welilght distribution in tho gum, but not nocessarily in the
avorage molecular weight, By varying the conditions of

y depolymerization and reopolymecrization, a degree of control

over the molecular weight distribution may be obtained. It

shiould bec notod that the degreo of control obtained here

i is possibly greater than that obtalned in the origin&l

formation of the gum by condensation. Futhermors, the

technique involved is easy to apply. This indicates that é
a systematic study of the effcct of depolymerization and ﬁ'
{ 7 repolymerization conditions on the propcrties of the gum ﬁf

. 1s doesirable.

Be Chemical Roaction on tho Gum

Methods for altering the chemical nature of the gum have

been sought since the beginning of this program. One of

=t i g
r

I RN 7 RN

the major difficulties has bcen the fact that chemical

treatment of a solid meterial usually results in rcaction
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carry out a further reaction intended to introduce cross-
linking groups. A tri-functional compound which would ,
1
H
| BEes
: ; utilize two reactive groups in repolymerizetion of the gum, S
' leaving the third group for cross-linking, should be sought,
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V. REFOVAL CF VOLATIJE OILS FROM GUM

— o e bty & e pavgemen, ot s

It has been suggessed that the comre rcial method of pre- '

paring silicone gum is such that the gum micht be expected to .

contain some relatively low~boiling silicono polymers., Such

BT

polymers might be expected to function as plasﬁicizers and to e

improve the physical properties to some extent, I they were

®

i
ki

present in cxcess, however, the effect on certain physical

. e

properties might bo unfavorsble, It appeared advisable, there-
fore, to attempt removal of the low molecular weight portion of

the gum to determine tho possible effect of this fraction on o

wilot

ki s omeummnr i I IPDRMTADY | MM TN TR M LT I >t I SRS

physical proporties., Of the three methods suggested for removal
of this material (solvegt extraction, molecular distillation

and steam distillation), solvent extractlon was judged the
simplest for preliminary studies,.

Threo btechnigques were used for solvent extraction of the

gums ¥
1., Sclvont extraction without stirring. i%

A weighed batch of milled gum was placed in a 2-liter ?
round bottom flask and 1000 ml, of solvent added, The ﬁ
nixturre was refluxed Tor five hours after which time the @
oxcoss solvont was removed by filtration. The swolled %g
.- gua wa3s placed in an ovcporating dish cnd heated atb. %éﬂ
2127, until no furthor change in weight occurred, E
L. £olvent exvraciion with stirring. -~ 4
T:is mathod is the some as the first except that a 3-nock P
flask was used to permit stirring of the mixture durin ha
rofluxing, ;{
P

|
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3s Two~stagc extraction

In some instances the gum recovered in the second process

was extractsd a second time using the same technique,

Tho results of these studiss 2rse presented in Table g and
Figuro .6, *“» ‘

In cach instAncc,the recovered gum was compounded with 25
volumes Celite 505, using 2% benzoyl peroxide on the gum, It
will be noted first that the recovery of gum in all cases was
substantially the same and that the recovery was not decreased
appreciably by & second extraction with carbon tetrachloride or
benzeno, These facts indicate tha? all of the solvents are
selective for a portion of the gum, probably the low molecular
weilght portions

It is evident that the effect of solvent extraction on the
physical properties of the stocks is slight. It appears that
the hardness might increase somewhat and that the tensile value
decreases slightly. It is thus indicated that the low-boiling
fraction of the gum has no markedly adverse effect on the

physical properties of the gum,
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TAELE O .

Solvent Extraction of 8Silizone Gum 9979-G

Porcent Compotmd ;

Solwvent Method Recovery No, Hardness Tensile Elongation %
C 01L a 83,0 1436 L5 1@3 94

¢ cly, b 82, 1037 8 201 700 .

b ) _5 & irl.l. 191 112 ;

c Cly c 9.l 1455 168 100 B

4 e 55 ﬁ% 168 108 :

. , &) !

CLHy a B1. 1138 3 172 106 ;
66 2 W3 ﬁo 1@5 106

CrHy, b 82.7 143 0 185 11 .

656 439 ﬁz 221 153 . :
CoHb c 7946 1456 L5 172 L2
C»C1 a 80, 1hli0 6 180 92
257, i Wk i 181 180
CoC1 b 83.3 1l 58 170 83
277, W 53 231 100
CHCL . b 82.8 1453 55 176 75
3 h _ CES 192 100

CoH b 83.2 145 56 151 92 :

-8 L5k 52 155 108 i

Untroated Gum (Average Values) 1072 16 226 119 |

'
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| VI. REACTION CF SVULICONE GUM TO VARIOUS CURING AGENTS

Motheds surerior to those in commcrcial use for

ilatin

- L
[¥]

ini -linkage in siliconce rubbers are being sought.

4]

: GOS8

e

R During this period a few compounds {(diisopropylbenzone hydro-

i

{
F
{u peroxide, cumene hydroperocxidc, triethylenetetramine and hoxa-

My

methylenetotramine) have been evaluated as possible substitutos

bR ) T

‘_ for benzoyl peroxide. None of these compounds offected a cure e

when subjected to the same conditions under which benzoyl

peroxide produces a satisfactory cure.

il
U

It was noted in the precoding progress roport that
¢ selenium dioxide might be expocted to function as a cross~linking
agent for silicones, This material 1s commonly used as an
oxidizing agent to convert active methylene groups to carbonyl
functions. Theoretisal grounds indicate that the methyl groups

L in the alpha position to Si in a silicone would, on treatment ‘ j

with selonium dioxide, yicld a reactive site capable of inter- i
M molecular or intramolecular condensation. Intermolecular
} condonsation would be of tho aldol type and would be in the

naturo of & cross-linking:

N { i
-0-31i-0- Se0 -0-31-0-

H __,_E.EA._é '
¥ CHy CHO

i ’ F

I
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CHg CHy CHg

| CHy CHg Ol

!
1
-0-51-0~-51~0-81i~

- 0=31=-0-S1-0~-3i~ '
| H | | | |
CHz C]H CHy Cks CH. Ol
I
0 —— CH
CFS ﬁHZ %H3 %HS | C?S
mo-%i-O—Si—OMSi- ~0~81-0-51~-0-81~
! { [ | I
CHz CHy CHg CHy CHy CHg

Intramolecular condensation might increase the intermolecular

attraction between silicone chains by reducing the interference

effect duo to the highly mobile -3i-0 bonds:

%Hs %Hs %HS . %Hs
~0~S1-0-8i.- —y =0-8i7 ™ 8i-0-

| | AN s

CHO CHg CH=CH

Results of the reaction of gselenium dioxidec on hexamethyl
disiloxane, on low viscosity siliconc oils and on gum samples
as outlined bolow indicate a definite curing reaction:

A. Reaction of Hexamethyldisiloxane with Selenium Dioxide

To initiate studies on the effect of selenium dioxide on
silicones, it was decided to determine first whether this
material had any effoct on a simple silicone of known
structure, Some of the reactions which might occur with
hexamethyidisiloxane are:
ﬁH3. ﬁHS CH; CHg
CHz~S1~0-51-CHz §g929 CHpz~51-0-81-CHO

| } t |
CHs CHgz GHS CH5
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b CHz CHgz .CHgy CHg |
- ! l 2T 20 g
F' . CHz~S1-0-3i-CHO —— CH3~Si/ \Si—GHs J
i i | \ / , ot
:, CHy GH, CH=CH K
CHz~S1-0-S1-CHO t+  CHp=8i~0-8i-CHz ——
i | l l l i
', CHz CHg CHz CHgy

ClHB CHs CHz CHg :
: CHy-S1-0-81-CH= CH-S1~0-S1-CHz i
l | l | t

CHy CH, CHz CH, ;E |

It was found first that selenium dioxide does not react

at an appreciable rate with hexamethyldisiloxane at the boll-

USRI RS2

T ———————

ing point of the latter (about 100°C.). A reaction did

occur, however, when the reactants worce heated in a sealed

e
b}
-

it

tube to 250°C., for 5 hours. A vigorous liberation of hydro- i
gen selenide occurred with formation of metallic selenium.
Two liquid phases and a solid phase were obtained. The oily

phase has been frectionated and the fractions are being

characterized in an attempt to determine the reaction schemoa.
A knowledge of this reaction scheme would be very valuable i

in planning studies on the effect of selenium dioxide in oils

and Jums.

B. Reaction of Silicone 0ils with Selenium Dioxide

The second phase of the study of reactions occurring

betwaein silicone compounds and selenium dioxide has

involved the use of silicone oils. The purpose of the
5 studies on oils of low viscosity was to asccrtain the

. eff'ect of selenium dioxide on a system analogous to the

————— e G—= o aog o

. v g aF 3 it e SR s o A s = o

ok Al A

AN RSN S R i T |
: m“smmmmmmagwnmmuﬁﬁmmmmmmmmmum‘lmnﬂmmn&ﬂmwmﬂﬁmﬁﬁ”



f - o - ’ et At e e e -v~*ﬂ~n~~m«~ el 3%
, { - e T e e e claiono T T T T e T_J&%
I B!
SR
v gilicone chains in tho gum., At the time of this work ne ﬂ
]
) ‘ method other than milling was available for dispersing Se0y ! ﬁ
: in gum, Tosvefore, 1t was planncd fivsh to investigate 1 %
the curing action of Solg under conditions of maximun % g :
disperstor, ~uch as wonld be obtained by vigorous stirring | g i
|
. of the oxide in a liquid modiuvm. 3 ?
!
5, s The results of the SeOg oll reactions indicate that such |
‘ trgatmont produces a pronouncnd increase in viscosity. In E %
! general, the gum forming capacity of the oils was not E %
}ﬁ greatly onhanced by pretreatmont with selenium dioxide, with % é ]
\ tho oxcephion of G. E. 0il 9981LT~35. Work is continuing .
: both with oils of higher viscosity and the SeOp treatment | j
r !
kd of hydroiysis products of dimethyldichlorosilane, Several j
oils have been studied, oach being reacted with selenium ’ %
' dioxide for several hours in a reflux system at atmospheric E Q
‘ prossure. Tho product in each instance was troated with % ﬁ
F‘ ‘ forric chleride in an atbomps to forn a gur, For control ;
: purpcses 2 sample of cach of the oviriral oils was rreaved ]
with forric chlcoride in thg same maprer, The gumns vhich
T ) wara chtained were compounded with @ 25.yolwne loading of ;
. . Colr~e 505 and 2% benzoyl peroxide, Someo of them, particu- :
:
: laxrvy taose formed frcom the 0096-1N0C oll, gave fair press E
cursa 07 TAL milling. Fowever, all 1 *aom shrank and ]
I
pilis*erzd nn the ovon CUTO- The fact wh2s tho same e
% rohavior L3 nobted whaen A small rmcan’s cf silicone oil is ) %
H
N
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ndded to standard stocks would indicate that uwireacted oil
is prosent after the golonium dioxide troatment,
Tochniques for eliminating this unreacted oil will have to
be developed.

Roaction of Silicone Gum with Selenium Nicxide

The milling of Gencral Electric silicone gum 9979-C withx

10 parts of selenium dioxide at the standard 25 volume
loading with Cellte 505 produced 8 stock wbioh cured satis-
factorily in a press (15 minutss at 350°F), whereas &
control batch of gum and Coelitc yielded a crumbly, uncured
mass. Further work on developing optimum conditions for
curing with SeOg 1is in progress. The toxic offect of HpSe
has been somewhat of an obstacle in this study, and tech-
niques for removal of the bLoxic fumes during cure are being

investigated.
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VII. STUDIES ON THE PREPARATION OF SILICONE GUMS

It has boen decided to institute a program oa the %
proparation of siliconc gums starting with either the monomers
or the silicone oils, This program has become nscessery as
. results of other attacks yield increasing evidence thai compound-

' ing techniques (i.e., physical changes) are not likely to lead

to great improvement in the properties of silicone stocks. :

1 boweco et aant

Alteration of the cheomical nature of the base polymer can bs

accomplished eithor by (a) starting with different monomers;

(b) modifying the polymerization conditions by adging matorials
other then water in t@e hydrolysis step {(alcohols, for oxample); ,
S or, (c) chemical reaction of the gum in a depolymerized state 1s i x

discussed in Section IV of this report. To date no attempt has

T T T

boen made to synthesize various monomers which might be of !

= interest, but it is intended to initiate such studies soon, Tho

other possibilities noted above have been subjected to preliminary

. investigation during this pcriod,

w One of the interecsting possibilitlies under invest-
igetion involves adding dimothyldichlorosilane to a mixture of
water and polyvinyl alcohol. Such 2 procedure might be expected
e lead to a chenmicel combination of polyvinyl alcohol and
siliconscs with the product : retaining some of the properties of

' both., The procedure has becn found to yleld viscous slurries

e,
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N which form very tough and flexible films on ocxposure to 8ir. These |
* films are tougher than either polyvinyl alcohol or silicons gurn,

put are not heat stable, showing marked embritilement at 212°F .,

Tho products of the combinod hydrolysis and alcoholysis céan be

treated with ferric chlorids solutions o yicld gumse These gums

are under invostigation.

\ Anothor phasc of this work which is roceliving attention

' involves formetion of gums from chlorinated silicone oils. Thess
mothyl siloxane compounds are caslily chlorinated in the presence

. of ultraviolet 1ight to yield chloromethyl gYPUPS with the degree

! of chlorination being oasily controlled. Such chlorinated oils

g nave boen troated with forric snloride solution to yield gums.

= | Under the typical curing cycle employod for standard

stocks, the gums from theo chlorinated oils show poor cures. It %

thorefore seems that the gubsegquendb curing conditions for these 1

products must be modified to determine the op tlmum time and :

tomperature cyclo. :
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"NOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with

Il a definitely related Government procurement operation, the U.f,

i Government thereby incurs no responsibility, nor any obligation

i whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications

or other data is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corpuogg~-
tion, or conveying any rights or permission to manufacture, use:i
sell any patented invention that may in any way be related thexrefgd
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